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ABSTRACT 
 
Soil characteristics vary considerably among agroecological zones. In South Sulawesi, maize were cultivated 
extensively  by subsistence farmer on rainfed field from Southern to Northern part of the region which has 
various soil fertility characteristics.  A linear regression with Pearson correlation was used to evaluate maize 
yields and soil fertility characteristics.  Cation exchange capacity, sum of  basic cations, base saturation, soil pH 
and organic matter content were important soil fertility characteristics which in turn may influence plant nutrient 
availability in soils. The crop requirement may work adequately in one region may be unreliable in another. The 
study is based on data of actual maize yield and soil fertility characteristic which were collected from 61 site of 
farmer’s maize cropping rainfed plots of 15 Subdistricts from 4 Districts (Jeneponto 6 sites, Bulukumba 29 sites, 
Wajo 10 sites and East Luwu 6 sites). It was found that soil pH, base saturation and organic carbon have a 
significant correlation with maize yield with R2 value  0.66, 0.67, 0.63, respectively. The scatter points in the 
diagram depict a good indication that the higher soil pH (to neutral), base saturation and carbon organic the 
better maize yield can be produced in the area under consideration.  The higher maize yield have found in soil 
with soil pH tends to neutral (>6.5), organic carbon (>2.0%) and high base saturation (>50 %). 
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1.INTRODUCTION 
South Sulawesi, one of the major food-producing provinces in the eastern part of Indonesia produces a large 
part of maize.  Average of South Sulawesi maize yield is now approximately 4.0 tons/ha (Central Bureau of 
Statistics, 2011). The highest average productivity can be found in the southern region with relatively dry 
climate, while the lowest productivity is  in the northern region with relatively wet (humid).  The soil and 
climate of South Sulawesi is basically capable of supporting a much higher yield of more than 6 tons/ha (Fauzi 
et al., 2011).  
The soil characteristics such as fertility, physics and microbiological are the most important yield-affecting 
factors.  The best maize could growth on soils with pH levels from 6.0 to 7.0 and moderate to high fertility 
(Jones, 2003).  Maize yield generally increased linearly or quadratically with increasing organic carbon 
(Dharmakeerth and Kay, 2013; Kravchenko and Bullock, 2000).  A study by Velemis et al., (2002) presented the 
effect of soil fertility to maize yield.  The study showed that the higher the value of soil organic matter content 
the higher maize yield while opposite results were obtained with the electrical conductivity (EC).   The effects of 
soil pH on growth are complex and it is difficult to separate the direct effects from the indirect effects associated 
with changes in the solubility and availability of various elements affecting plant growth. According to   
Dharmakeerth and Kay (2013), at pH 4.7 with Al saturation  60%, maize yield decrease 50% of  maximum yield. 
A large portion of the effective CEC of very acid soils is occupied by Al. When the exchangeable Al saturation 
is greater than 60%, there is a large increase in soil solution Al3+. It is the Al3+ in soil solution that is toxic to 
plants, not the exchangeable Al3+. Soil acidity gives information about probable soil toxicities with a negative 
effect on crop development (Sys et al., 1991).   
Evaluation of soil fertility characteristics as a part of land evaluation is thus needed to produce 
recommendations for appropriate land management according to soil fertility potential.  To obtain production 
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level according to land potential, crops should be grown under conditions of sufficient water and nutrients, while 
pest, weed and disease should be controlled (Verdoodt and Van Ranst, 2003). Therefore land suitability 
classification needs to be taken into account in the development of highly commodity because it is based on 
knowledge of the requirements of crops, soil characteristics, and soil management (Ande, 2011).  The result of 
land evaluation should reflect not only possible yield, but also more importantly, the ease or difficulty of 
management of the land parcels for a given  purpose and ensuring the land’s sustained use for a long period of 
time (Baja, 2009). The result of evaluation process would give more information about the important of soil 
fertility management to increase maize yield.       
The primary aim of this study is to evaluating the soil fertility characteristics for maize production in  South 
Sulawesi Indonesia. This study also examines the correlation between soil characteristics and maize yield in the 
study area. 
2. MATERIALS AND METHODS 
Study area and data collection. The study area covers various climate and soil types throughout South 
Sulawesi where maize is cultivated. It falls within latitudes  0o12’ to 8o South  and longitudes 116o48’ to 122o36’ 
East, approximately.  Agricultural land use type is predominantly arable cultivation with maize.  The study area 
is underlined by  carbonat rocks,  volcanic breccias, ultra basic rocks, alluvial  and sandstone.   The location of 
study area is presented in Figure 1. 
Field Survey and Laboratoy Analysis.  Soil characteristics surveyed in 2012 was analyzed using purposive 
sampling method.  Identification of land under traditional maize cultivation in the study area was undertaken 
during cultivation period (November to February and March to June).   As many as 61 farmers (focusing on corn 
cultivation) from different agroclimatological zones, and  61 representative soil profiles were also made to 
examine soil horizons. Soil samples were collected and analyzed using standard procedures, as follows.  Soil 
particle size distribution was determined using hydrometer method (Bouyoucos, 1962); soil organic carbon was 
determined using dichromate oxidation procedure (Walkley and Black, 1934); exchangeable base (Ca, Mg, K, 
Na) and cation exchange capacity (CEC) were determined with 1 N NH4OAc, pH 7.0.  Soil reaction (pH) was 
measured in water (1 : 2.5, soil water ratio).   
Data Analysis.    The parameters used for evaluation of soil fertility characteristics  are pH, organic carbon, 
CEC, base saturation and sum of basic cations.  In the evaluation, the soil characteristics were then compare with 
crop requirement of maize (Sys et al., 1993).   
Analysis of correlation.  Analysis of correlation was undertaken between soil fertility characteristics with 
maize yield in different soil types in study area using a simple regression methods and a Pearson correlation  
using SPSS ver 16.   
 
3. RESULTS AND DISCUSSIONS 
 
 Soil Fertility Characteristics.  Laboratory analysis shows that fertility characteristics of soils in the study 
area vary among different  zone agroecology.  The value of CEC, Base saturation, soil pH, sum of base cations 
and organic carbon shows wide range value (Table 2).   
 Apparent CEC value ranges from 12.92 to 42.42 (cmol (+)/kg clay).  For optimal yield of maize, CEC 
values is >24 cmol (+)/kg clay (Sys et al., 1993).  In the humid tropis, weathering stage of soils related to the 
mineralogy of clay fraction and expressed by CEC of clay.  
 Laboratory analysis  shows that soil base saturation varies considerably among land units in the study area, 
ranges from 2.61 % to 56.81 %.  The optimal base saturation for maize is >80%.  It is recognised that the source 
of such variation resulted from parent material of each pedons and climate factors. Production of maize 
cultivated in seasonally dry (ustic moisture regim) with a carbonate and piroclastic material higher than that 
cultivated in permanently wet with ultrabasic and sandstone parent material. The highest base saturatin value 
found in District of Jeneponto and the lowest found in Distrit of Luwu Timur. 
The soil pH varies considerably among land units in the study area, ranging from 4.50 to 6.79. According to 
Sys et al (1993), the range of optimal soil pH   for maize is 6.20 – 7.00.  Soil acidity can be mainly correlated 
with the sum of basic cations and could give information about soil probable soil toxicities with a negative effect 
on crop development.  Aluminium first enter the exchange complex below a pH of approximately 5.50 rising to 
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some 20%.  Al-saturation at about pH 5,00 and 50% or more below pH 4.00.  The highest soil pH (6.79) found 
in District of Jeneponto and the lowest soil pH found in  District of Bulukumba (4.50). 
Soil organic carbon varies in the study area, ranges from 1.25 % to 2.79 %. In the humid tropics soils of low 
altitude have normally 0.8 to 1.5 % organic carbon (Sys, 1977).  According to crop requirement by Sys et al. 
(1993), optimal content of carbon organic is >2.0 %.  It means that content of soil organic carbon in the study 
area is relatively low. This characteristicsis important for evaluation particularly in highly weather tropical soils.   
Ratio of Ca/Mg.  Not only the total amount of cations is important, but also the ratio between different 
cations.  A ratio of Ca/Mg 75/18 can be considered as optimal for agricultural use (Sys et al., 1991).  The result 
of soil analysis shows that the soils that found in District of Luwu Timur have low Ca/Mg ratio (<1,0)  This fact 
means the percentage of Mg more than Ca.  The imbalanced situations could effect to nutrient available or 
nutrient status in the rooting zone.   
Correlation between soil characteristics and maize yield.  Analysis of correlations between various 
characteristics of soil with maize yield at different sites show that three soil fertilty characteristics are base 
saturation, soil pH and organic carbon correlated significantly with maize yield. Kucharik (2008) also found that 
maize yield is dependent on soil fertility, fertilizers and inputs such as irrigation.     
Correlation between soil base saturation with maize yield.    The general relation between climate, 
particularly rainfall and base saturation is a normal feature (Sys, 1977). Base saturation and pH gradually 
increase as rainfall decrease.  The result of analysis of correlation was generated between soil base saturation 
content with maize yield in the study area can be seen in Figure 2.  The correlation forms the following equation: 
Y =   0,040x + 1,672 and R2 = 0.67...........................................................................................(1) 
Where Y is  maize yield and x is the value of soil base saturation.  Such a positive correlation indicates that 
differences of soil base saturation may result in different maize yield. 
Correlation between soil pH with maize yield.  . The result of analysis of correlation between soil pH 
with maize yield in the study area, can be seen in Figure 2, and the correlation forms the following equation: 
Y =   1,090x – 3,552 and R2 = 0.66...........................................................................................(2) 
Where Y is maize yield and x is the value of soil pH within 25 cm depth of mineral soil.  Such a positive 
correlation indicates that differences in soil pH may result in a different maize yield.  The study zone was 
classified as humid tropics, a higher weathering and more intensive  leaching of bases/nutrients always occurs 
(USDA, 1951). Maize yield in the soil pH of more than 6 is higher than that with soil pH less than 6.   
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Table 2. Fertility characteristics of soil profile 
Notation: BS:base saturation; SBC:Sum of basic cations;OC:organic carbon 
No District CEC (cmol /kg 
clay) BS(%) 
SBC (cmol /kg 
soil) 
Ca/
Mg 
Soil 
pH 
OC 
(%) 
Yield 
(ton/ha) No District 
CEC (cmol 
/kg clay) BS(%) 
SBC  (cmol /kg 
soil) Ca/Mg pH 
OC 
(%) 
Yield 
(ton/ha) 
1 Jeneponto 24,00 40,40 10,97 4,41 6,27 0,67 3,00 29 Bulukumba 24,4 20,94 5,11 1,34 5,36 2,73 3,10 
2 Jeneponto 22,34 45,48 14,96 2,71 6,79 2,37 3,50 30 Bulukumba 22 25,77 5,67 1,39 5,63 2,5 3,20 
3 Jeneponto 22,56 56,81 17,40 2,16 6,59 2,14 3,50 31 Bulukumba 24,6 24,83 6,11 1,74 6,43 2,62 4,10 
4 Jeneponto 23,60 41,87 9,88 1,85 6,00 1,78 4,00 32 Bulukumba 23,2 26,20 6,08 1,84 6,41 2,14 3,20 
5 Jeneponto 25,98 51,68 13,43 2,02 6,20 1,9 3,50 33 Bulukumba 24,4 21,84 5,33 1,42 5,70 2,43 2,10 
6 Jeneponto 22,45 43,54 9,77 2,18 5,80 1,72 3,00 34 Bulukumba 24,4 21,19 5,17 2,90 6,88 2,63 4,00 
7 Jeneponto 20,78 46,82 9,73 2,02 6,00 2,2 3,00 35 Bulukumba 21,6 28,24 6,10 2,69 5,62 2,46 3,50 
8 Jeneponto 23,53 40,63 9,56 2,14 6,00 1,85 3,50 36 Bulukumba 24,8 23,13 5,83 1,54 5,95 2,26 3,00 
9 Jeneponto 23,33 46,55 10,86 2,05 6,30 1,89 4,20 37 Bulukumba 21,6 24,77 6,63 1,39 5,55 2,35 3,20 
10 Jeneponto 22,93 47,14 10,81 2,14 6,40 2,08 3,80 38 Bulukumba 22,4 23,57 5,51 1,10 5,73 2,19 3,10 
11 Jeneponto 23,13 48,81 11,29 1,83 6,20 1,52 3,50 39 Bulukumba 23,2 22,76 5,94 1,12 5,73 2,39 2,90 
12 Jeneponto 22,73 51,03 11,60 2,06 6,30 1,9 4,10 40 Bulukumba 21,2 25,05 6,57 1,57 6,00 2,39 3,40 
13 Jeneponto 20,34 52,31 10,64 1,84 6,10 1,88 3,00 41 Bulukumba 23,6 21,57 6,41 1,50 5,82 2,35 1,90 
14 Jeneponto 23,12 48,31 11,17 2,06 6,20 1,68 3,80 42 Bulukumba 24,8 20,56 6,47 1,56 5,64 2,07 2,70 
15 Jeneponto 25,05 49,08 12,29 1,84 6,10 1,8 2,80 43 Bulukumba 21 25,19 10,07 1,27 5,55 2,37 2,50 
16 Jeneponto 22,13 41,67 9,22 1,79 6,20 2,03 4,10 44 Bulukumba 21,8 26,70 6,32 2,13 5,57 2,23 3,20 
17 Wajo 14,24 28,56 8,28 4,23 5,54 1,94 1,60 45 Bulukumba 22,4 22,32 6,63 1,51 5,63 2,09 2,80 
18 Wajo 26,1 38,40 10,13 5,80 5,63 0,65 2,10 46 Bulukumba 23 19,61 9,58 2,22 5,79 2,19 2,40 
19 Wajo 29,31 38,45 6,06 2,97 5,32 1,22 2,20 47 Bulukumba 21,2 24,34 7,36 2,23 5,52 2,43 2,70 
20 Wajo 38,33 27,56 9,34 3,38 5,39 1,33 2,00 48 Bulukumba 24,4 23,11 7,38 1,58 5,80 2,23 2,80 
21 Wajo 19,16 38,56 8,35 2,04 5,56 1,88 2,00 49 Bulukumba 23,13 46,96 10,16 1,69 6,50 2,14 5,18 
22 Wajo 39,77 34,46 8,07 2,54 5,30 1,54 2,40 50 Bulukumba 24,73 45,18 10,36 2,94 6,10 1,61 3,20 
23 Wajo 27,39 28,56 10,00 5,00 5,67 2,15 2,70 51 Bulukumba 24,33 19,83 4,39 4,57 5,30 1,7 1,60 
24 Wajo 37,74 38,35 7,71 5,69 6,27 1,22 2,80 52 Bulukumba 22,73 19,67 4,31 3,52 4,50 1,98 1,70 
25 Wajo 41,67 24,42 9,97 2,51 5,50 1,97 2,60 53 Bulukumba 22,93 38,55 4,85 4,32 5,70 1,79 3,00 
26 Wajo 39,23 28,56 7,15 1,75 5,80 1,65 2,90 54 Bulukumba 21,73 44,14 9,95 2,29 6,60 1,82 4,00 
27 Bulukumba 21,4 28,56 6,11 1,29 5,99 1,3 3,10 55 Bulukumba 24,13 44,24 10,77 1,62 6,30 1,25 3,80 
28 Bulukumba 22 34,45 7,58 1,42 6,18 2,43 4,20 56 Luwu Timur 12,92 9,64 1,10 0,87 5,80 2,19 3,30 
57 Luwu Timur 42,42 13,30 1,92 0,02 5,71 1,54 2,50 
58 Luwu Timur 31,56 20,54 3,85 0,12 6,15 1,88 3,90 
59 Luwu Timur 23,57 12,19 2,55 0,13 5,54 1,25 2,30 
60 Luwu Timur 25,72 2,89 0,65 0,03 5,58 1,25 2,50 
61 Luwu Timur 22,8 2,61 1,16 0,78 4,74 1,25 2,10 
5 
 
Correlation between soil organic carbon with maize yield. The result of analysis of between soil 
organic carbon content with maize yield in the study area, can be seen in Figure 2, and the correlation 
forms the following equation: 
Y =   0,978x +1,092 and R2 = 0.63...........................................................................................(3) 
Where Y is maize yield and x is the value of soil organic carbon. Organic carbon contents depend on 
decomposition level and source of organic matter in the area.   
 
 
Figure 2. Correlation between soil base saturation, soil pH, and organic carbon                                                 
with maize yield at study area 
 
4. Conclusion  
 
Evaluation of soil fertility characteristics for maize production in south sulawesi shows that 
characteristics vary among agroecological zones.  The higher soil pH, base saturation  and sum of basic 
cations found in the southern part of south sulawesi.  Soil fertility characteristics having significant 
correlation with maize yield were base saturation, soil pH and organic carbon.     
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